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(54) Image pickup system and method for maintaining the same

(57)  An endoscope system 1, including: an endo-
scope 2 for picking up an image of a subject 10 and out-
putting an image pickup signal of the image; an external
processor 3 having a post-signal processing circuit 30
which processes the image pickup signal inputted from

the endoscope 2 and generates a video signal that can
be outputted to a monitor 4; and an output detecting cir-
cuit 31 for detecting the presence or absence of an output
of the image pickup signal and the presence or absence
of an output of the video signal.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to an image pick-
up system that includes an image pickup apparatus for
picking up an image of a subject and outputting an image
pickup signal of the image and a signal processing ap-
paratus having a signal processing circuit for processing
the image pickup signal inputted from the image pickup
apparatus, and a method for maintaining the image pick-
up system.

2. Description of the Related Art

[0002] In the medical and other fields, so-called elec-
tronic endoscope apparatuses have been widely used,
each of the apparatuses being provided with a charge
coupled device (CCD) as a solid-state image sensing
device at a distal end portion of an insertion section of
the endoscope, and the CCD is used to pick up an image
of a subject and the image from the endoscope is dis-
played on amonitor. Generally, the electronic endoscope
apparatus is configured so that an analog image pickup
signal from an electronic endoscope that has a CCD
therein is transmitted to an external processor connected
to the electronic endoscope so as to be exposed to var-
ious processes. That is, an image pickup apparatus for
picking up an image of a subject and outputting an image
pickup signal of the image outputs an analog image pick-
up signal, which is digitalized for processes in a signal
processing apparatus.

[0003] To the contrary, a so-called electronic endo-
scope is known, in which for downsizing of a signal
processing circuit, a part of the signal processing circuit
is mounted to the endoscope, and an analog image pick-
up signal from a CCD is converted to a digital image
pickup signal before the signal is outputted to an external
processor which is a signal processing apparatus.
[0004] For example, Japanese Patent Application
Laid-Open Publication No. 2006-288753 discloses an
electronic endoscope system that has an endoscope with
a CCD and an external processor removably connected
to the endoscope, and the endoscope is provided with a
digitalizing section that digitally processes a signal cap-
tured by the CCD, a data compressing section, a data
transmitting section, and the processor is provided with
a data receiving section, and a data decompressing sec-
tion.

SUMMARY OF THE INVENTION

[0005] An image pickup system of the present inven-
tion includes: an image pickup apparatus for picking up
an image of a subject and outputting an image pickup
signal of theimage; a signal processing apparatus having
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a signal processing circuit which processes the image
pickup signal inputted from the image pickup apparatus
and generates a video signal that can be outputted to
display means; and output-detection means for detecting
the presence or absence of an output of the image pickup
signal and the presence or absence of an output of the
video signal.

[0006] A method for maintaining an image pickup sys-
tem of the present invention is a method for maintaining
an image pickup system having an image pickup appa-
ratus for picking up an image of a subject and outputting
an image pickup signal of the image, and a signal
processing apparatus having a signal processing circuit
which processes the image pickup signal via an electri-
cally connectable connector section from the image pick-
up apparatus and generates a video signal that can be
outputted to display means, including: a video signal de-
tection step for detecting the presence or absence of an
output of the video signal; a connection detection step
for detecting the presence or absence of an electrical
connection atthe connector section; and animage pickup
signal detection step for detecting the presence or ab-
sence of an output of the image pickup signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1 is an external view showing a configuration of
an endoscope system of a first embodiment;

Fig. 2 is an illustrative diagram illustrating a config-
uration of the endoscope system of the first embod-
iment;

Fig. 3 is a block diagram illustrating a configuration
of the endoscope system of the first embodiment;
Fig. 4Ais a flowchart illustrating a check flow of the
endoscope system of the first embodiment;

Fig. 4B is a flowchart illustrating a check flow of the
endoscope system of the first embodiment;

Fig. 5 is an illustrative diagram illustrating a config-
uration of an endoscope system of a second embod-
iment;

Fig. 6 is a block diagram illustrating a configuration
of the endoscope system of the second embodiment;
Fig. 7 is an illustrative diagram illustrating a config-
uration of an endoscope system of a modified exam-
ple of the second embodiment;

Fig. 8 is a conceptual diagram illustrating a use form
of an endoscope system of a third embodiment;
Fig. 9 is a block diagram illustrating a configuration
of the endoscope system of the third embodiment;
and

Fig. 10 is a block diagram illustrating a configuration
of an endoscope system of a fourth embodiment.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

<First Embodiment>

[0008] Now, with reference to Figs. 1 to 3, an endo-
scope system 1 of a first embodiment according to the
present invention will be explained below. Fig. 1 is an
external view showing a configuration of the endoscope
system 1 of the present embodiment; Fig. 2 is an illus-
trative diagram illustrating a configuration of the endo-
scope system 1; and Fig. 3 is a block diagram illustrating
a configuration of the endoscope system 1.

[0009] As shown in Fig. 1, the endoscope system 1 of
the presentembodimentincludes: an endoscope 2 (here-
inafter, also referred to as "scope") having an elongated
insertion section 13 which is inserted into a body cavity
for picking up an image of a region to be observed with
a CCD 6 provided at the distal end portion thereof, and
an operation section 7 with which an operator operates
the endoscope; a light source apparatus 5 for supplying
anillumination light to the endoscope 2; an external proc-
essor 3 for processing an image pickup signal from the
endoscope 2 and causing a monitor 4 which is display
means to display the image or the like from the endo-
scope; an air/water pump 9 for supplying air and water;
and the operation section 7 with which an operator inputs
information, and these apparatuses are mounted to a
rack 11. The endoscope 2 is removably connected to the
external processor 3 via a connector section 8A, and to
the light source apparatus 5 via a connector section 8B,
and also connected to the air/water pump 9 via the con-
nector section 8B.

[0010] As shown in Fig. 2, when the CCD 6 arranged
atthe distal end portion of the insertion section 13 outputs
an analog image pickup signal, the analog image pickup
signal is inputted to a pre-processing circuit 20 arranged
atthe connector section 8 of the endoscope 2 via a trans-
mission cable (not shown) inserted through the insertion
section 13, and is processed in the pre-processing circuit
20 to be outputted as a digital image pickup signal to the
external processor 3. In Fig. 2, the pre-processing circuit
20 is arranged at the connector section 8, but may be
arranged at the operation section 7, or may be divided
and arranged at both of the operation section 7 and the
connector section 8 for example, as long as the pre-
processing circuit 20 is arranged at the endoscope 2.
[0011] Next, with reference to Fig. 3, a configuration
of the endoscope system 1 of the present embodiment
will be explained below in more detail. In the endoscope
system 1, the CCD 6 driven by a drive circuit 21 picks up
an image of a subject 10 in a body cavity, and outputs
an analog image pickup signal of the image to the pre-
processing circuit 20. The pre-processing circuit 20 in-
cludes an amplifier circuit 22, a CDS circuit 23, an AD
converter circuit 24, and a first FPGA 29. The FPGA is
the abbreviation for Field Programmable Gate Array, and
is a programmable integrated circuit that can be used as
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acircuitfor a desired operation by programming a desired
software.

[0012] Theanalogimage pickup signal passesthrough
the CDS (correlated double sampling) circuit 23 via the
amplifier circuit 22 to remove CCD noise included in the
signal, and is converted to a digital image pickup signal
such as a 12-bit digital image pickup signal in the AD
converter circuit 24. The digital image pickup signal is
transmitted to a second FPGA 35 on the external proc-
essor 3 side via the first FPGA 29 and the connector
section 8A to be inputted to a post-processing circuit 30.
The digital image pickup signal is processed in the post-
processing circuit 30 to be outputted to the monitor 4 as
a video signal, so that the image of the subject 10 by the
endoscope is displayed on the monitor 4.

[0013] As shown in Fig. 3, the endoscope system 1
includes a detection circuit for, in case of a failure, de-
tecting a part of the failure. The first FPGA 29 of the en-
doscope 2 is configured with a test pattern generating
section 27 that is provided with a test pattern signal out-
putting function for generating a test pattern signal of a
digital image pickup signal using a program, a JTAG
chain creating section 28, and an AFE-detection section
26 which is AFE-detection means. The JTAG chain
means a circuit that connects input and output ports in
series to perform a boundary scan test based on JTAG
standard. The AFE (Analog Front End) 25 is an element
having a circuit for converting analog image datato digital
data with peripheral circuits incorporated therein, and
outputs a predetermined number of bit of, for example
12-bit, digital pickup image signals. The AFE-detection
section 26 detects a normal operation of the AFE 25 when
there is not a bit drop in the digital image pickup signals
outputted from the AFE 25, that is, when the number of
bits of the digital image pickup signal is equal to a pre-
determined number of bits.

[0014] The second FPGA 35 of the external processor
3 is configured with a test pattern generating section 32
that is provided with a test pattern signal outputting func-
tion for generating a test pattern signal of a digital image
pickup signal, a JTAG chain creating section 34, and a
connection-detection section 33. The connection-detec-
tion section 33 which is connection-detection means
forms a consecutive wire circuit with the JTAG chain cre-
ating section 28 of the first FPGA 29 and the JTAG chain
creating section 34 of the second FPGA 35 via the con-
nector section 8A so as to detect any electrical connec-
tion failure atthe connector section 8A. The external proc-
essor 3 further includes a capture circuit 37, instead of
the post-processing circuit 30, for capturing an image
data from the digital image pickup signal. The digital im-
age pickup signal is processed in one of the post-
processing circuit 30 and the capture circuit 37 using a
switch (not shown) for processing.

[0015] The endoscope system 1 has an output-detec-
tion circuit 31 which is output-detection means for detect-
ing the presence or absence of an output signal to the
monitor 4. The output-detection circuit 31 may be, as
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shown in Fig. 3, incorporated in the external processor
3, or may be a separated member. The output-detection
circuit 31 is able to detect the presence or absence of an
output of the image pickup signal from the endoscope 2,
that is, a digital image pickup signal, and the presence
or absence of an output of the video signal output from
the post-processing circuit 30, by detecting the presence
or absence of an output signal to the monitor 4, as will
be explained later.

[0016] Furthermore, the endoscope system 1 prefer-
ably includes a notifying circuit 38 which is means for
notifying at least one of the detection results from the
output-detection circuit 31, the connection-detection sec-
tion 33, and the AFE-detection section 26. The notifying
circuit may be, as shown in Fig. 3, incorporated in the
external processor 3, or may be a separated member.
The notifying circuit 38 may use the monitor 4 for notify-
ing, and may include a notifying section that uses voice
and the like (not shown).

[0017] As described above, the endoscope system 1
is an image pickup system including: the endoscope 2
which is an image pickup apparatus for picking up an
image of the subject 10 and outputting an image pickup
signal of the image; the external processor 3 which is a
signal processing apparatus having the post-processing
circuit 30 as a signal processing circuit for processing
the image pickup signal inputted from the endoscope 2
and generating a video signal that can be outputted to
the monitor 4; and the output-detection circuit 31 which
is output-detection means for detecting the presence or
absence of an output of the image pickup signal and the
presence or absence of an output of the video signal.
[0018] Next, with reference to Fig. 4A and Fig. 4B, the
flow of a maintenance process of the endoscope system
1 will be explained below. Fig. 4A and Fig. 4B are flow-
charts illustrating the flow of a maintenance process of
the endoscope system 1.

[0019] AsshowninFig.4Aand Fig. 4B, the endoscope
system 1 checks in order every part of the system for
failure. When a failure is found, the part of the failure is
notified.

<Step S10>

[0020] The endoscope 2 is connected to the external
processor 3. Then, the endoscope system 1 is powered.
That is, the endoscope 2, the external processor 3, and
the monitor 4 are supplied with power.

<Step S11>

[0021] The endoscope system 1 starts a maintenance
mode that is an operation mode for performing a series
of self-check processes to find any failed part in the en-
doscope system 1.
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<Step S 12>

[0022] The endoscope system 1 makes a switching to
the post-processing circuit 30 between the post-process-
ing circuit 30 and the capture circuit 37. As described
above, the switching operation is performed using a
switch (not shown) or the like.

<Step S13>

[0023] The test pattern generating section 32 of the
post-processing circuit 30 outputs a test pattern signal.

<Step S14>

[0024] The output-detection circuit 31 detectsthe pres-
ence or absence of an output of the test pattern signal
from the post-processing circuit 30. That is, the step S14
is avideo signal detection step for detecting the presence
or absence of an output of the video signal from the post-
processing circuit 30, and also is a test pattern signal
detection step for detecting the presence or absence of
a test pattern signal.

[0025] Without any outputted test pattern signal (No),
at step S 15, the notifying circuit 38 displays a display of
"Failure in Post-Processing" on the monitor 4 as a noti-
fication.

[0026] With an outputted test pattern signal (Yes), at
step S16, a check is performed on the next part.

<Step S 16>

[0027] The JTAG chain creating sections 28 and 34
individually create a JTAG chain that connects the input-
output lines between the FPGA 29 and the FPGA 35 in
series. That is, the ends of a plurality of signal wires in
connection via the connector section 8A are connected
toeach othersothatthe ends are so-called daisy-chained
as one wire functionally. Among the input-output lines of
the JTAG chain creating section 34, two lines form the
ends of JTAG chain that are connected to the connection-
detection section 33.

<Step S17>

[0028] The connection-detection section 33 is able to
detect a connection failure somewhere between the FP-
GA 29 and the FPGA 35 when the JTAG chain is OPEN,
that is, when there is a continuity failure in the JTAG
chain. In other words, the step S 17 is a connection-de-
tection step for detecting the presence or absence of an
electrical connection at the connector section 8A. When
the connection-detection section 33 detects a connection
failure (Yes), at step S18, the notifying circuit 38 displays
a display of "Connection Failure in Scope" on the monitor
4 as a notification.

[0029] When the JTAG chain is CLOSE (No), at step
S 19, a check is performed on the next part.
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<Step S19>

[0030] The test pattern generating section 27 of the
pre-processing circuit 20 outputs a test pattern signal.

<Step S20>

[0031] The output-detection circuit 31 detectsthe pres-
ence or absence of an output of the test pattern signal
from the pre-processing circuit 20. That is, the step S20
is a digital image pickup signal detection step for detect-
ing an image pickup signal from the endoscope 2, that
is, the presence or absence of an output of the digital
image pickup signal, and also is a test pattern signal de-
tection step for detecting the presence or absence of a
test pattern signal.

[0032] When the output-detection circuit 31 detects no
outputted test pattern signal from the pre-processing cir-
cuit 20 (No), the process goes to step S21 because the
problem is known to exist in pre-processing circuit 20 or
a video processing circuit 36 of the post-processing cir-
cuit 30 after the connections in the post-processing circuit
30 and the endoscope 2 are already checked.

[0033] To the contrary, when the output-detection cir-
cuit 31 detects an outputted test pattern signal from the
pre-processing circuit 20 (Yes), the process goes to step
S25.

<Step S21>

[0034] The endoscope system 1 makes a switching to
the capture circuit 37 between the post-processing circuit
30 and the capture circuit 37.

<Step S22>

[0035] When the output-detection circuit 31 cannot de-
tect any outputted signal to the monitor 4 even through
the capture circuit 37 (No), it is determined that the pre-
processing circuit 20 has a failed part, and at step S23,
the notifying circuit 38 displays "Failure in Pre-Process-
ing Circuit" on the monitor 4 as a notification.

[0036] To the contrary, when the output-detection cir-
cuit 31 is able to detect an outputted signal to the monitor
4 through the capture circuit 37 (Yes), it is determined
that the video processing circuit 36 has a failed part, and
at step S24, the notifying circuit 38 displays "Failure in
Video Processing" on the monitor 4 as a notification.

<Step S25>

[0037] At step S20, when the output-detection circuit
31 detects an outputted test pattern signal from the pre-
processing circuit 20 (Yes), a check on the outputting
system of the CCD 6 is performed. An analog image pick-
up signal from the CCD 6 is converted to a 12-bit digital
image pickup signal by the AFE 25 that includes the CDS
circuit 23 and the AD converter circuit 24, to be outputted
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to the FPGA 29.
<Step S26>

[0038] The FPGA 29 outputs the 12-bit digital image
pickup signal from the AFE 25 to the post-processing
circuit 30. Here, a switching is made to the post-process-
ing circuit 30 between the post-processing circuit 30 and
the capture circuit 37.

<Step S27>

[0039] When the output-detection circuit 31 is able to
detect an outputted signal from the CCD 6 (Yes), it is
determined that the CCD 6 does not have any failed part,
and the process goes to step S32.

[0040] To the contrary, when the output-detection cir-
cuit 31 is not able to detect any outputted signal from the
CCD 6 (No), the process goes to step S28.

<Step S28>

[0041] The endoscope system 1 makes a switching to
the capture circuit 37 between the post-processing circuit
30 and the capture circuit 37.

<Step S29>

[0042] When the output-detection circuit 31 is not able
to detect any outputted signal to the monitor 4 even
through the capture circuit 37 (No), it is determined that
the CCD 6 has a failed part, and at step S30, the notifying
circuit 38 displays "Failure in CCD" on the monitor 4 as
a notification.

[0043] To the contrary, when the output-detection cir-
cuit 31 is able to detect an outputted signal to the monitor
4 through the capture circuit 37 (Yes), it is determined
that the video processing circuit 36 has a failed part, and
at step S31, the notifying circuit 38 displays "Failure in
Video Processing" on the monitor 4 as a notification.

<Step S32>

[0044] Theendoscope system 1finally checksthe AFE
25 for failure when there is no problem in the CCD 6, the
pre-processing circuit 20, and the post-processing circuit
30.

[0045] Inthe final check, the AFE-detection section 26
checks digital signal data for a so-called bit drop. For
example, when a digital image pickup signal is supposed
to have a predetermined number 12 of bits, the resulting
data with a bit drop has 11 bits or less.

<Step S33>
[0046] Whenfinding a bitdrop (No), the AFE-detection

section 26 determines that the AFE 25 is the failed part,
and at step S31, the notifying circuit 38 displays "Failure
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in AFE" on the monitor 4 as a notification. That is, the
step S33 is an AFE-detection step for detecting that the
AFE 25 is normally operating when the number of bits of
a digital image pickup signal is equal to a predetermined
number of bits.

<Step S34>

[0047] Without any detection of failed partin the above
described entire processings, the operation of the endo-
scope system 1 is determined to be normal, and the no-
tifying circuit 38 displays "Normally Operating" on the
monitor 4 as a notification.

<Step S35>

[0048] The endoscope system 1 ends the mainte-
nance mode, and starts a normal operation. To the con-
trary, with any detection of a failed part in the mainte-
nance mode, that is, in the case (I) of Fig. 4A or Fig. 4B,
the endoscope system 1 does not start a normal opera-
tion and wait for a response from an operator.

[0049] Intheabove description, the endoscope system
1 automatically enters in a maintenance mode at the time
of startup, but may go into a maintenance mode in re-
sponse to an instruction from an operator after the en-
doscope system 1 starts a normal operation. Alternative-
ly, the endoscope system 1 may be set not to automati-
cally enter in a maintenance mode at the time of startup,
but go into a maintenance mode in response to an in-
struction from an operator.

[0050] Also, inthe above description, the maintenance
mode is explained as being controlled by the endoscope
system 1, but more specifically, the maintenance mode
is controlled by a control section (not shown) that controls
the endoscope system 1 as a whole. The circuits such
as the output-detection circuit 31 and the notifying circuit
38 may be included in the control section.

[0051] As described above, in the endoscope system
1 which is an image pickup system of the present em-
bodiment, a failed part is easily determined, and the de-
termination of a failed part is facilitated using the method
for maintaining the endoscope system 1 which is a meth-
od for maintaining an image pickup system of the present
embodiment.

[0052] In addition, in the above description, the endo-
scope system 1 detects six failed parts therein, including:
a failure in post-processing circuit, a connection failure
in scope, a failure in pre-processing circuit, a failure in
video processing, a failure in CCD, and a failure in AFE,
but even in an endoscope system that detects one or
more failed parts selected from the six parts, the failed
part(s) can be easily determined.

[0053] As described above, a method for maintaining
an image pickup system of the present embodiment is a
method for maintaining the endoscope system 1 which
is an image pickup system having the endoscope 2 as
an image pickup apparatus for picking up an image of
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the subject 10 and outputting an image pickup signal of
the image, and the external processor 3 which is a signal
processing apparatus having the post-processing circuit
30 as asignal processing circuit for processing the image
pickup signal inputted from the endoscope 2 via an elec-
trically connectable connector section 8 and outputting
a video signal that can be outputted to the monitor 4 as
a signal processing circuit, and the method includes: a
video signal detection step for detecting the presence or
absence of an output of the video signal; a connection-
detection step for detecting the presence or absence of
an electrical connection at the connector section 8; and
an image pickup signal detection step for detecting the
presence or absence of an output of the image pickup
signal.

<Second Embodiment>

[0054] Now, with reference to Fig. 5 and Fig. 6, an en-
doscope system 1B which is an image pickup system of
a second embodiment according to the presentinvention
will be explained below. The endoscope system 1B of
the present embodiment B is similar to the endoscope
system 1 of the first embodiment, and the same elements
are denoted by the same reference numerals, which will
not be explained below.

[0055] Fig. 5is an external view illustrating the endo-
scope system 1 B of the present embodiment, and Fig.
6 is a block diagram illustrating a configuration of the
endoscope system 1B of the present embodiment.
[0056] The endoscope 2 shown in Fig. 5 is similar to
the endoscope 2 of the first embodiment, except that the
endoscope 2 is not connected to the external processor
3 and the light source apparatus 5 that are designed for
exclusive use with the endoscope 2, but is connected to
a PC 41. The PC 41 may be a general-purpose personal
computer (PC) for example, and includes a CPU (Central
Processing Unit) to provide functions such as ones for
processing desired data in accordance with software in-
stalled therein.

[0057] The endoscope 2 is able to output digital image
pickup signals by itself. So, the endoscope 2 can be con-
nected to a digital equipment such as a PC, other than
the external processor 3 designed for exclusive use with
endoscope apparatuses, to be used. In such a use form
also, in the endoscope system 1B of the present embod-
iment, any failed part in the endoscope 2 can be easily
determined.

[0058] Thatis, during atreatment using an endoscope,
evenifanabnormal vision is observed in animage picked
up by the endoscope, sometimes the treatment should
be continued using the endoscope. In the case, an op-
erator uses a spare endoscope, that is, the failed endo-
scope is removed from the external processor 3, and the
spare endoscope is connected to the external processor
3, which makes it impossible to determine a failed part
of the failed endoscope using the external processor 3.
[0059] However, in the case of the endoscope system
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1B of the second embodiment of the present invention,
as shown in Fig. 5, an operator can connect the endo-
scope 2 to the PC 41 via the connector section 8A, which
makes the determination of a failed part possible. When
the PC 41 cannot be directly connected to the connector
section 8A, a converter may be interposed between the
PC 41 and the connector section 8A for connection.
[0060] In addition, when the software for internal
processing circuits of the endoscope 2 such as the FPGA
29 is updated, or when the transmission cable has a
shorter length due to repairing of a breakage of the cable,
the connection of the PC 41 to the endoscope 2 enables
an appropriate update of the setting installed in the en-
doscope to response to the cable length.

[0061] That is, in the endoscope system 1B of the
present embodiment, a determination of a failed part in
the endoscope 2 is easily achieved without using the ex-
ternal processor 3 which is designed for exclusive use
with the external processor 3, and also even if the endo-
scope 2 is not failed, a maintenance of the endoscope 2
such as updating of software therein can be implement-
ed.

[0062] Furthermore, as shown in Fig. 6, the endoscope
system 1B of the present embodiment has the PC 41 and
a monitor 42. The PC 41 includes: a capture circuit 44
for processing digital image pickup signals; an FPGA
writing circuit 45 for writing data into the FPGA of the
endoscope 2; and an output-detection circuit 46 which is
output-detection means for detecting a failed part in the
endoscope 2.

[0063] In the endoscope system 1B, when the endo-
scope 2 is connected to the PC 41, a normal display of
an image picked up by the endoscope on the monitor 42
indicates that a failed part is included in the external proc-
essor, and not included in the endoscope 2. Also, in the
endoscope system 1B, a failed part in the endoscope 2
can be determined. That is, the output-detection circuit
46 of the PC 41 is able to detect three failed parts, in-
cluding: a failure in pre-processing circuit, a failure in
CCD, and a failure in AFE. Needless to say, even if the
endoscope system 1B is configured to detect one or more
failed parts selected from the three parts, the failed part
(s) can be easily determined.

[0064] Inthe endoscope system 1B also, a connection
failure in scope can be detected using the JTAG chain
creating section 28 of the FPGA 28.

[0065] The endoscope 2 of the present embodiment
is able to easily output RAW data of sequential still im-
ages to the monitor 4 via the capture circuit 44.

[0066] Furthermore, in the endoscope 2 of the present
embodiment, maintenance operations such as updating
of software therein can be implemented via the FPGA
writing circuit 45 in the PC 41.

[0067] Thatis, the PC 41 is provided with a function to
switch between a mode for determining a failed part in
the endoscope 2 and a normal mode, and the switching
operation is performed using a user interface such as a
keyboard (not shown) connected to the PC 41.
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[0068] When the PC 41 has communication means
therein, the PC 41 is able to obtain data such as software
contents of the endoscope 2 and software for mainte-
nance through the Internet. Also, the PC 41 enables any
updating of the software for the endoscope 2 from a re-
mote service center through the Internet.

<Modified Example of Second Embodiment>

[0069] Now, with reference to Fig. 7, an endoscope
system 1C which is animage pickup system of a modified
example of the second embodiment according to the
present invention will be explained below. The endo-
scope system 1C of the present modified example is sim-
ilar to the endoscope system 1 of the first embodiment,
and the same elements are denoted by the same refer-
ence numerals, which will not be explained below. Fig.
7 is an illustrative diagram for illustrating the endoscope
system 1C of the present modified example.

[0070] In the endoscope system 1C shown in Fig. 7,
an endoscope 2A has a parallel port terminal 12 at the
connector section 8 thereof for a connection with a PC
5. Thus, the endoscope 2A can be easily connected to
a parallel port terminal of the PC 51 such as a printer
board. The PC 51 is able to obtain data that is necessary
for detecting afailed partin the endoscope 2A or updating
of software for the endoscope 2A from an external ap-
paratus 52. The external apparatus 52 may be a playback
apparatus for storage media, or an apparatus that can
be connected to a network and obtains necessary data
from the network.

[0071] Because the endoscope 2A is provided with the
general-purpose parallel port terminal 12 in addition to
the advantages of the endoscope 2, the endoscope 2A
can be easily connected to various pieces of general-
purpose digital equipment, which facilitates the determin-
ing of a part to repair, and also the output of RAW data
of sequential still images to the monitor 42.

<Third Embodiment>

[0072] Now, with reference to Fig. 8 and Fig. 9, an en-
doscope system 1D of a third embodiment according to
the present invention will be explained below. The endo-
scope system 1D of the present embodiment is similar
to the endoscope system 1 of the first embodiment, and
the same elements are denoted by the same reference
numerals, which will not be explained below. Fig. 8 is a
conceptual diagram illustrating a use form of the endo-
scope system 1D of the present embodiment, and Fig. 9
is a block diagram illustrating a configuration of the en-
doscope system 1D of the present embodiment.

[0073] As shown in Fig. 8, the endoscope 2B of the
present embodiment is a so-called capsule endoscope.
The capsule endoscope 2B is configured so that, after
swallowed by a subject 10B who is an object of obser-
vation or examination, the capsule endoscope 2B moves
through the organs such as stomach and small intestine
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by peristaltic movement until the spontaneous elimina-
tion so that the capsule endoscope 2B picks up images
of the inside of the organs in series with the function for
image pickup.

[0074] The images picked up by the capsule endo-
scope 2B are transmitted to an external processor 3B via
radio communication and through a receiving coil 15 that
is disposed outside of the body of the subject 10B, to be
displayed on the monitor 4.

[0075] That is, as shown in Fig. 9, the CCD 6 of the
endoscope 2B picks up images in the subject 10B while
moving through the organs, and the analog image pickup
signals of the images are converted to digital image pick-
up signals by the pre-processing circuit 20 of the endo-
scope 2B, and transmitted to the outside of the body
through radio transmitting means. The digital image pick-
up signals transmitted to the outside of the body are in-
putted to the external processor 3B through radio receiv-
ing means, and processed by the post-processing circuit
30 to be displayed on the monitor 4.

[0076] Ascompared to the endoscope system 1 of the
first embodiment, the endoscope system 1D has config-
urations, operations, and effects similar to those of the
endoscope system 1 of the first embodiment, except the
difference in the means for transmitting image pickup sig-
nals from the endoscope 2B to the external processor 3
between wire and wireless.

[0077] That is, the endoscope system 1D is able to
detect five failed parts, including: a failure in post-
processing circuit, pre-processing circuit, a failure in vid-
eo processing, a failure in CCD, and a failure in AFE. In
the endoscope system 1D, the connection-detection sec-
tion 33 detects a failure of the receiving coil 15 such as
disconnection, which results in a detection of a connec-
tion failure.

[0078] Asdescribed above, the endoscope system 1D
is an image pickup system in which a failed part can be
easily determined.

<Fourth Embodiment>

[0079] Now, with reference to Fig. 10, an endoscope
system 1E of a fourth embodiment according to the
present invention will be explained below. The endo-
scope system 1E of the present embodiment is similar
to the endoscope system 1 of the first embodiment, and
the same elements are denoted by the same reference
numerals, which will not be explained below. Fig. 10 is a
block diagram illustrating a configuration of the endo-
scope system 1E of the present embodiment.

[0080] The endoscope 2 of the endoscope system 1E
is similar to the endoscope 2 of the first embodiment.
However, the external processor 3C is different from the
external processor 3 of the first embodiment in that ex-
ternal processor 3C does not include any output-detec-
tion circuit. Instead, the external processor 3C of the en-
doscope system 1E has a communication circuit 63 as
communication means, so as to be connectable through
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a communications line to a communication circuit 62 of
a detection apparatus 60 which is installed at another
place. The detection apparatus 60 includes an output-
detection circuit 61 and the like which are used to deter-
mine a failed part in the endoscope system 1E and per-
form maintenances such as updating of software. The
detection apparatus 60 may be a PC.

[0081] Thatis, whenthe endoscope system 1 E is con-
nected to a communications line, a determination of a
failed part in the endoscope system 1E or maintenance
for every updating of software in the endoscope system
1 E can be implemented from a remote place.

[0082] The communications line may be a known com-
munications line such as the Internet connection and cell
phone connection.

[0083] The endoscope system 1E provides the same
advantages as those of the endoscope system 1 of the
first embodiment, and also enables an easy determina-
tion of a failed part therein from a remote place.

[0084] In the above description, an endoscope was
used as an image pickup apparatus, and an external
processor or a PC were used as a signal processing ap-
paratus, the present invention is not limited to an endo-
scope as long as the image pickup apparatus picks up
an image of a subject and outputs an image pickup signal
of the image, and is not limited to an endoscope external
processor or a PC as long as the signal processing ap-
paratus has a signal processing circuit that processes an
image pickup signal inputted from an image pickup ap-
paratus and is able to output a video signal to a monitor
orthe like. Similarly, animage pickup system and a meth-
od for maintaining the image pickup system of the present
invention are not limited to an endoscope system and a
method for maintaining the endoscope system.

Claims
1. Animage pickup system, comprising:

an image pickup apparatus for picking up an im-
age of a subject and outputting an image pickup
signal of the image;

a signal processing apparatus having a signal
processing circuit which processes the image
pickup signal inputted from the image pickup ap-
paratus and generates a video signal that can
be outputted to display means; and
output-detection means for detecting the pres-
ence or absence of an output of the image pickup
signal and the presence or absence of an output
of the video signal.

2. The image pickup system according to claim 1, fur-
ther comprising
a connector section which is able to electrically con-
nect the image pickup apparatus and the signal
processing apparatus to each other; and
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connection-detection means for detecting the pres-
ence or absence of an electrical connection at the
connector section.

The image pickup system according to claim 2,
wherein

the image pickup apparatus and the signal process-
ing apparatus include first and second FPGAs that
are able to generate a JTAG chain, respectively, and
the connection-detection means detects the pres-
ence or absence of an electrical connection at the
connector section using the JTAG chains created by
the first and second FPGAs.

The image pickup system according to any one of
claims 1 to 3, further comprising:

an image pickup device for picking up an image
of the subject and outputting an analog image
pickup signal of the image;

an analog front end that processes the analog
image pickup signal and outputs a predeter-
mined number of bits of a digital image pickup
signal; and

AFE-detection means for detecting if the analog
front end is normally operating or not.

The image pickup system according to claim 4,
wherein

the AFE-detection means detects a normal opera-
tion of the analog front end when the number of bits
of the digital image pickup signal is equal to the pre-
determined number of bits.

The image pickup system according to any one of
claims 1 to 5, wherein

the image pickup apparatus and the signal process-
ing apparatus include first and second FPGAs that
have a function to output a test pattern signal, re-
spectively, and

the output-detection means detects the presence or
absence of at least one of the test pattern signals.

The image pickup system according to any one of
claims 4 to 6, further comprising:

notifying means for notifying at least one of the
detection results from the output-detection
means, the connection-detection means, and
the AFE-detection means.

The image pickup system according to any one of
claims 1 to 7, wherein
the image pickup apparatus is an endoscope, the
signal processing apparatus is an endoscope signal
processing apparatus.

The image pickup system according to any one of
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10.

11.

12.

13.

claims 4 to 8, wherein

the signal processing apparatus includes communi-
cation means, and

at least one of the output-detection means, the con-
nection-detection means, and AFE-detection means
is able to be controlled via the communication
means.

The image pickup system according to any one of
claims 1 to 9, wherein

the image pickup apparatus is an endoscope, and
the signal processing apparatus is a PC.

A method for maintaining an image pickup system
thatincludes animage pickup apparatus and a signal
processing apparatus, comprising:

a video signal detection step for detecting the
presence or absence of an output of a video sig-
nal from a signal processing apparatus having
a signal processing circuit that processes the
video signal inputted from the image pickup ap-
paratus for picking up an image of a subject and
outputting an image pickup signal of the image
via an electrically connectable connector sec-
tion and outputs the video signal that can be
outputted to display means;

a connection-detection step for detecting the
presence or absence of an electrical connection
at the connector section; and

animage pickup signal detection step for detect-
ing the presence or absence of an output of the
image pickup signal.

The method for maintaining an image pickup system
according to claim 11, wherein
the image pickup apparatus further comprising:

an image pickup device for picking up an image
of a subject and outputting an analog image
pickup signal of the image; and an analog front
end for processing the analog image pickup sig-
nal and outputting a predetermined number of
bits of a digital image pickup signal, and

the method further comprising:

an AFE-detection step for detecting a normal
operation of the analog front end when the
number of bits of the digital image pickup signal
is equal to the predetermined number of bits.

The method for maintaining an image pickup system
according to claim 11 or 12, wherein

the image pickup apparatus and the signal process-
ing apparatus include first and second FPGAs that
have a function to output a test pattern signal, re-
spectively, and
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the method further comprising:

a test pattern signal detection step for detecting
the presence or absence of each of the test pat-
tern signals.

The method for maintaining an image pickup system
according to any one of claims 11 to 13, further com-
prising:

a notifying step for notifying at least one of the
detection results in the video signal detection
step, the connection-detection step, the digital
image pickup signal detection step, the AFE-de-
tection step, and the test pattern signal detection
step.

The method for maintaining an image pickup system
according to any one of claims 11 to 13, wherein
the image pickup apparatus is an endoscope, and
the signal processing apparatus is an endoscope
signal processing apparatus.
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FIG.4A

SCOPE AND PROCESSORARE | S10
CONNECTED, POWER IS SUPPLIED

[ MAINTENANCE MODE IS STARTED [~ S'171

POST-PROCESSING CIRCUT |
IS CONNECTED S12

Y

TEST PATTERN IS QUTPUTTED | S13
FROM POST-PROCESSING CIRCUIT

S15

“Failure in
Post-Processing" —>®
IS DISPLAYED

ouTl
DETECTION CIRCUIT
DETECTS PRESENCE OR
ABSENCE OF OUTPUT
TO MONITOR?

[ FPGA CREATES JTAGCHAN |~ S16

S17 8218

YES _ I *Connection Failure"
IS DISPLAYED

CONNECTION-
DETECTION CIRCUIT
DETECTS PRESENCE OR
ABSENCE OF
CONNECTION
FAILURE?

PRE-PROCESSING CIRCUIT S19
OUTPUTS TEST PATTERN

S21

SWITCHING IS
MADE 7O —»@
CAPTURE CIRCUIT

S20

OUTPUT-
DETECTION CIRCUIT
DETECTS PRESENCE OR
ABSENCE OF OUTPUT
TO MONITOR?

523
S22
QUTPUT-
Pre-Pracessing"
ABSENCE OF QUTPUT I?DIESOFCI?:?E

TO MONITOR?

"Failure in Video

Processing® |~—S24
IS DISPLAYED

o

14



EP 2 106 124 A2

FIG.4B
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FIG.8
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FIG.9
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